Abstract. Taking Cl -, mineralization (M), salinization coefficient (A), sodium absorption ratio (SAR) and SO4 2-as the evaluation factors, we established a comprehensive evaluation method for seawater intrusion based on the fuzzy mathematic model. Sample data from two different sites are chosen to investigate the effect of evaluation factor selection on the overall evaluation result of seawater intrusion. The correlation analysis results show that Cl -, A and SO4 2-expect SAR present a good lineal relationship with M. The evaluation results of the seawater intrusion degree based on the fuzzy evaluation method is much more severe than that based on the single-factor method, indicating that the fuzzy evaluation method could be a more reliable way for the assessment of seawater intrusion. Nevertheless, whether removing the individual evaluation factor of SO4 2-or SAR away, some evaluation results get changed, confirming that the proper selection of evaluation factors has a significant effect on the overall evaluation result of seawater intrusion. In order to establish a reliable evaluation index system of seawater intrusion, it is necessary to do a lot of survey work to find out which evaluation factors can really reflect the seawater intrusion degree and their proper ranking values.
Introduction
The chemical characteristics of groundwater are the most direct basis to judge the seawater intrusion or not. So far it is commonly to adopt the single evaluation index such as Cl -or mineralization (M) to judge the present situation of seawater intrusion. However, using the single index evaluation method is easy to cause the problem of one-sidedness and uncertainty, while the fuzzy mathematical method can solve the problem to some extent [1] [2] [3] [4] . Some studies [3] [4] [5] [6] [7] have tried to introduce the fuzzy mathematical model into the evaluation of seawater intrusion. However, the selected evaluation factors are different, and there is still no uniform evaluation index system. In Qiao et al. [3] and Li et al.'s studies [4] , Cl -, M, SO4 2- , γHCO3 -/γCl -and SAR are taken as the evaluation factors. In Tu et al.'s study [5] , Cl -, M, SO4 2- , Br -and SAR are taken as the evaluation factors. In Xia's study [6] , Cl -, M, SO4 2- , and SAR are taken as the evaluation factors. In Zhang's study [7] , Cl -, M, EC, and potential salinity are taken as the evaluation factors. However, the effect of different evaluation factors selection on the evaluation results of seawater intrusion is not well studied. In the present work, we investigated the effect of evaluation factor selection on seawater intrusion degree. Two sample data are chosen as the study cases, one from Changxing Island close to the mouth of Bohai Sea in Dalian city (Region 1), the other from Shanhaitian tourist resort close to the mouth of Yellow Sea in Rizhao city (Region 2).
Selection of the Evaluation Factors
Based on the previous literature [3] [4] [5] [6] [7] and Handbook of hydrogeology [8] , the following 5 factors are chosen as the evaluation factors of seawater intrusion, and they make up the comprehensive evaluation set u={Cl -, M, A, SAR, SO4 2- }. The bases to define the evaluation factors are shown in Table 1 . Cl -has the best linear relationship with M, followed by A and SO4 2- , while SAR has the worst linear relationship with M as shown in Figure 1 . In order to investigate the effect of selecting different evaluation factors on the seawater intrusion evaluation results, we set another two groups of evaluation factors, one removing SO4 Mineralization (M) is the total dissolved salt content of groundwater, which is an important factor to reflect the difference between seawater/saline water and fresh water. is the stable element in seawater and less content in fresh water, quite sensitive to seawater intrusion degree. 
Fuzzy Mathematical Evaluation Model of Seawater Intrusion

Establishment of the Evaluation Set
The water quality of intruded groundwater in coastal region can be divided into 3 types, which are fresh water, brackish water and saline water, respectively. Here we also divide the seawater intrusion degree into 3 ranks marked as v={I, II, III} as shown in Table 2 .
Establishment of the Fuzzy Relation Matrix
Since the seawater intrusion degree increases with the values of Cl -, M, A, SAR, SO4 2- , here we adapt the linear positive half-descending-trapezoid membership function to determine the membership degree of each evaluation factor. As shown in Figure 2 , RiI, RiII and RiIII are the membership degrees of the evaluation factor i; SI, SII and SIII are the typical values of each rank; X is the measured value of the evaluation factors. Calculating out the membership degree of each factor to each rank, we can obtain a fuzzy relation matrix R=(rij)n×m, where rij is the membership degree of the evaluation factor i to the rank j; n is the number of the evaluation factors; m is the evaluation rank. 
Determination of the Index Weight Set
The comprehensive evaluation of seawater intrusion needs to introduce the index weight to quantify the contribution degree of each evaluation factor. The index weight set is determined by the following two calculation equations:
Among which Ci is the measured value of the evaluation factor; Wi is the average value of all the typical values of the three evaluation ranks; Ii is the weight coefficient; Xi is the normalized weight coefficient. Since there are five evaluation factors of each sample point, the five normalized weight coefficient make up 1×5 index weight set Q={X1, X2, X3, X4, X5}.
Determination of the Comprehensive Evaluation Result
The comprehensive evaluation of each sample point can be determined by the first-level fuzzy mathematical methodology with the mathematical model as follows:
Among which Q is the index weight matrix (1×n), n is the number of the evaluation factors; R is the fuzzy relation matrix (n×m), and m is the number of the evaluation rank; B is the comprehensive evaluation matrix (1×m). The rank corresponding to the maximum value in B is the comprehensive evaluation result. II  II  R2_01  II  II  II  R1_02  II  I  R2_02  I  I  I  R1_03  II  II  R2_03  II  II  II  R1_04  II  II  R2_04  I  I  I  R1_05  I  I  R2_05  I  II  II  R1_06  II  II  R2_06  I  I  I  R1_07  II  II  R2_07  II  I  II  R1_08  III  III  R2_08  III  III  III  R1_09  II  II  R2_09  I  II  II  R1_10  I  I  R2_10  II  II  II  R1_11  I  I  R2_11  I  I  I  R1_12  I  I  R1_13  I  I  R1_14  I  I  R1_15  I  I  R1_16  I  I  R1_17  I  I  R1_18 II II Table 4 . Summary of evaluation results of single factor and fuzzy mathematical method. R2  R1  R2  R1  R2  R1  R2  R1  R2  R1  R2   I  17  10  14  10  14  10  11  1  9  10  6  8  9  6   II  0  0  3  0  3  0  6  9  8  0  11  2 Whether removing the evaluation factor of SO4 2- or SAR away, some evaluation results do change, confirming that the proper selection of evaluation factors has a significant effect on the evaluation result of seawater intrusion. In order to establish a reliable evaluation index system of seawater intrusion, it is necessary to do a lot of survey work to find out which evaluation factors can really reflect the seawater intrusion degree and their proper ranking values. In addition, during the seawater intrusion evaluation of a specific site, we need to analyse whether it is the misjudgement caused by the abnormal value of the evaluation factors.
Results and Discussion
In addition, we made a comparison on the seawater intrusion evaluation results based on the single-factor method and fuzzy mathematic method, as shown in table 4. The seawater intrusion degree based on the fuzzy evaluation method is much severe than that based on the single-factor method. Even taking the intersection of Cl -, M, SO4 2- , A, SAR with M respectively to divide the evaluation rank, there are still big differences with the results based on the fuzzy mathematical model. Using the fuzzy mathematical method, the index weights of Cl -and M are greatly weaken with the weight of Cl -accounting for below 10% and the weight of M accounting for below 20% (see Figure 3 and Figure 4) . However, the factors of SO4 2- , A and SAR take important roles in the whole evaluation results. 
Summary
In this work, we established a comprehensive evaluation method for seawater intrusion based on the fuzzy mathematical model by Cl -, M, A, SAR and SO4 2- as the evaluation factors. Sample data from two different sites are chosen to test the difference of the seawater intrusion degree by the fuzzy evaluation method and the single-factor method and to investigate the effect of factors selection on the evaluation result of seawater intrusion degree. We get the conclusion as follows:
(1) The seawater intrusion degree based on the fuzzy evaluation method is much severe than that based on the single-factor method because the index weights of Cl -and M are greatly weaken by the evaluation factors of SO4 2- , A and SAR using the fuzzy mathematical method. (2) Whether removing the individual evaluation factor of SO4 2- or SAR away, some evaluation results get changed, confirming that the proper selection of evaluation factors has a significant effect on the evaluation result of seawater intrusion. In order to establish a reliable evaluation index system of seawater intrusion, it is necessary to do a lot of survey work to find out which evaluation factors can really reflect the seawater intrusion degree and their proper ranking values.
